The purpose of this article is to examine the efficiency of the Tanzania stock market. The study attempts to answer whether the Tanzania stock market is weak-form efficient. The study applies a battery of tests: the serial correlation test, unit root tests, runs test and the variance ratio test using daily and weekly data with a sample spanning from November the DSE share index. Overall, the results of the market efficiency are mixed. The serial correlation test, unit root test and the runs test do not support weak-form efficiency, while the more robust variance ratio test supports weak-form efficiency for the DSE. The main contribution of the study is that the market efficiency of the Tanzania stock market has increased over the sample period.
Introduction
The efficiency of financial markets has been widely debated by scholars from many years (Verheyden, De Moor and Van den Bossche, 2015). One side of the debate supports the efficient market hypothesis (EMH) and the assumption that markets are able to efficiently incorporate past information. The other side of the debate, behaviorists argue that investors suffer from psychological anomalies, which introduce irrationality and push market prices away from the rational and efficient underlying fundamental value. The authors add that one of the reasons the debate has not been settled is due to the lack of a theoretical alternative for the EMH. The study, therefore, finds that Lo's (2004 Lo's ( , 2005 adaptive market hypothesis (AMH) seeks to address this lack by reconciling both the EMH and behavioral finance, drawing from concepts of evolutionary biology. There appears to be an evolution in the degree to which markets are efficient in incorporating past price information. Thereby, markets are not efficient all the time. Hence, the discussion on absolute efficiency which focuses on whether a market is efficient or not appears to be decreasing in its significance. Rather, the discussion should shift to the fact that the level of market efficiency changes over time (Verheyden et al., 2015) .
The number of African stock markets grew from eight stock exchanges in 1989 (five in sub-Saharan Africa and three in North Africa) to over 20 stock exchanges by the year 2010 (Watundu, Kaberuka, Mwelu and Tibesigwa, 2015) . Even though there is an increase in the number of stock exchanges, they still lack the depth, breath and liquidity levels are low. Few studies on market efficiency have been conducted on frontier markets. These markets are characterized by political instability, poor liquidity, thin trading, inadequate regulation, weak accounting standards and publication rules (Charfeddine and Khediri, 2016) .
This study will investigate the efficiency of the Tanzania stock market, a frontier market. The Dar es Salaam Stock Exchange was incorporated in 1996 which was a key milestone in the development of a functioning capital market for the mobilization and allocation of long-term capital to the private sector in Tanzania (Ziorklui, 2001) . The author finds that regional integration and globalization of the Tanzania capital market would be valuable in attracting foreign capital, efficiency of utilization of capital and corporate governance. A study on the challenges faced by the Dar es Salaam stock exchange indicates that the stock market lacks desirable characteristics such as liquidity, availability of information which leads to market efficiency, narrow price spread and high price sensitivity to new information (Massele, Darroux, Jonathan and Fengju, 2013) . Other challenges observed in the study include: lack of public awareness and knowledge about capital markets, few market participants, lack of information and communication technology, and advanced technology in trading securities, macro-economic instability and lack of competent experts in financial markets. Mensah (2003) adds that the low market professionalism leads to market inefficiencies and low returns which are realized to active management.
In this study, the question of weak-form efficiency is investigated using the serial correlation test, runs test, unit root tests and variance ratio test. The indexes that are used are the DSE all share index and the DSE share index over a period spanning November 2006 to August 2015. The novelty of this study lies in showing the change in market efficiency of the DSE over the sample period using the variance ratio test.
The remainder of this paper is organized as follows. Section 1 presents the literature review on market efficiency. Section 2 presents the empirical methodology. Section 3 presents the data and the discussion of the empirical results. Final section summarizes the findings and provides conclusions.
Literature review
A financial market is deemed weak-form efficient if it is not possible to identify any deterministic pattern in its time series behavior, that is, through arbitrage, market participants are not able to obtain systematic abnormal profits using historical information. In other words, financial returns have no memory and are independent in time (Ferreira and Dionísio, 2016) .
The equity markets of Brazil, Russia, India and China (BRIC) are investigated to determine whether they may be considered weak-form efficient in recent years with a sample spanning from September 1995 to March 2010 (Mobarek and Fiorante, 2014) . The findings show that these markets appear to be evolving in the right direction, especially during the last five to ten years, but the earlier sub-periods these markets experienced significant positive autocorrelation (persistence) in returns. However, results of the last sub-periods, including the subprime crisis, support the presumption that the BRIC markets may have been approaching a state of being fairly weakform efficient. A key implication of the study is the relative increase in efficiency which is an important ingredient for these markets if they wish to foster their growth and welfare.
The efficiency of the Gulf Cooperation Council (GCC) stock markets of Saudi Arabia, the United Arab Emirates, Kuwait, Oman, Qatar and Bahrain is investigated (Jamaani and Roca, 2015) . The study tests whether GCC stock markets are weak-form efficient individually or as a group by applying a battery of parametric and nonparametric unit root and Johansen cointegration tests to daily index prices denominated in local currencies covering the duration December 2003 to January 2013. The author find that the GCC stock markets are not individually weak-form efficient, that is, current prices of each GCC stock markets can be predicted from past price changes in that market. In addition, collectively, the GCC stock markets are not weak-form efficient in that past price changes can be used to predict the current price changes of another GCC stock market. This inefficiency can be attributed to the high concentration in the banking and financial sectors and the low degree of foreign participation.
AMH is based on an evolutionary approach to economic interactions (Lo, 2004) . By using the moving window method, Lo calculates the time-varying first-order autocorrelations and shows that efficient and inefficient periods exist in stock markets. AMH considers that the degree of market efficiency changes over time and reflects evolving market conditions such as deregulation, legal reforms, technological innovations, market crushes and bubbles. Zhou and Lee (2013) investigate two implications for real estate investment trust (REIT) market efficiency from the AMH. Firstly, the authors find strong evidence of time variations in the degree of REIT return predictability. Moreover, the degree of predictability decreases over time for the REIT market, hence, it is becoming more efficient. Secondly, REIT returns predictability is shown to be influenced by market conditions with the degree of predictability being primarily influenced by the level of market development. Significantly, the authors find that regulatory changes have greatly improved the REIT market efficiency.
The existence of the AMH as an evolutionary alternative to the EMH is evaluated for the Tehran stock exchange in Iran by applying daily returns on the TEPIX index (Ghazani and Araghi, 2014) . The data consist of daily returns over the period 1999 to 2013. The finding of the study obtained from linear (automatic variance ratio and automatic portmanteau) and nonlinear (generalized spectral and McLeod-Li) tests which represent the oscillatory manner of returns about dependency and independency in line with the AMH. Noda (2016) investigates the AMH in Japanese stock markets (TOPIX and TSE2) by using the time-varying model approach to measure the degree of market efficiency. The study finds that the degree of market efficiency changes over time in the two markets, in addition, the level of market efficiency of the TOPIX is higher than that of the TSE2 in most periods. Finally, the market efficiency of the TOPIX has evolved, however, that of the TSE2 has not, concluding that the findings support the AMH for the TOPIX stock market in Japan.
The market efficiency and trading rule profitability of the Ugandan foreign exchange market is investigated for the period January 1994 to June 2012 using a battery of variance ratio tests (Katusiime, Shamsuddin and Agbola, 2015). The findings indicate the market is epitomized by pricing inefficiency, except for few short periods of efficiency, concluding the market is not weak-form efficient. The authors find that market participants are unable to consistently exploit pricing inefficiencies due to transaction costs and time variation in the inefficiency under changing market conditions. The finding of time variation in market efficiency is consistent with the AMH.
Methodology

Serial correlation test. Urquhart and Hudson
(2013) state that autocorrelations ( k ) occur when the covariances and correlations between different disturbances are not all non-zero (i.e., Cov ( i , j ) = ij for all i j, where t is the value of the disturbance in the th observation).
where y 1 is the covariance at lag k and y 0 is the variance. The first order autoregressive process contains values of t lagged by one period, showing that the disturbance in period t is impacted by the disturbance in the previous period t -1.
Unit root tests.
The unit root test is designed to test for stationarity of time series, since the presence of non-stationarity depicts the existence of randomness that supports weak-form efficiency (Azad, 2009 ). Both the Augmented Dickey Fuller (ADF) and the Phillips Perron (PP) tests will be analyzed in this study. The following models are used, including an intercept (equation 2) and an intercept and trend (equation 3), as shown below:
where y t is a series that follows an autoregressive process. c 0 and c 1 are optional exogenous regressors, and are parameters to be estimated. t is assumed to be white noise. The presence of a unit root is the null hypothesis. Therefore, not rejecting the null hypothesis indicates the series follows a random walk.
The PP test is a non-parametric method to test unit root and is similar to the Dickey-Fuller test (Liu, 2011) . It is also a controlling test for serial correlation (Jamaani and Roca, 2015) . The distinction between the PP and ADF tests is the manner in which heteroskedasticity and serial correlation in errors are dealt with. The PP test's aim is to use non-ADF regression, then, make adjustment for bias which may exist because of correlation in innovation terms. The PP test's specifications are shown below (Jamaani and Roca, 2015):
where P t is natural price index logarithm during time t, while represents a constant. In addition, and are parameters which need to be estimated, and t is an error term.
Runs test.
The runs test is a non-parametric test that examines the randomness of a series of stock returns. However, unlike the serial correlation test, it does not require returns to be normally distributed (Urquhart and Hudson, 2013) . It is also considered to be a linear test, but it can also detect nonlinearity in a returns series. The calculation of the expected number of runs can be achieved by applying equation 6, m as (Jamaani and Roca, 2015):
where m is the total expected number of runs, N is total number of observations, and is the number of observations in each category i. For a large number of observations (N 30), the sampling distribution of m is approximately normal and the standard error of m is given by:
i ii i m n+ NN N n N = NN (7) where the standard normal distribution for conducting runs test can be determined from the following equation:
where R = actual number of runs, m = expected number of runs and 0.5 = continuity adjustment (Patel, Radadia and Dhawan, 2012).
Variance ratio test.
The variance ratio test by Lo and MacKinlay (1988) compares the variance of returns measured over two holding periods. The rationale behind the test is that when the random walk hypothesis (RWH) is true, the variance of a multi-period return is the sum of the single period variances (Katusiime et al., 2015) . Given the return S t at time t, the variance ratio, VR (q) is defined as:
The standard normal and test statistics are computed as follows (Abedini, 2009 ):
where (q) and * (q) are the asymptotic variance of the variance ratio under the assumption of homoscedaticity and the heteroscedasticity, respectively:
* q j j qj q= q (13) where ( j) is the heteroscedasticity -consistent estimator and computed as follows:
p p j= pp (14) Note that both standard normal Z-statistics and Z*statistics are approaching N (0, 1).
Data and sample
The source of the data is Bloomberg. 
The price returns (r t ) are expressed in percentage terms were calculated as the ending index price minus the beginning index price divided by the beginning index price multiplied by 100. Table 2 below.
Unit root tests.
The unit root tests were conducted to test for the stationarity status of the times series for both the daily and weekly data. Two unit root tests were examined for this study, the ADF unit root test and the PP test.
For the ADF unit root test, the test statistics are significant at 10%, 5% and 1% levels, respectively. The null hypothesis will, therefore, be rejected which leads to acceptance of the alternative hypothesis, that the time series are stationary and have no unit root. The time series, therefore, do not follow a random walk.
Similar results are applicable for the PP unit root test. The test statistics are significant at 10%, 5% and 1% levels, respectively. The null hypothesis will be rejected leading to acceptance of the alternative hypothesis, that the time series are stationary and have no unit root, thus, confirming the time series do not follow a random walk. Results of the stationarity tests are reported in Table 3 below. Notes: *, **, *** significant at 10, 5 and 1% levels, respectively.
Runs test.
This test is especially suitable for this data set, as it is suitable for testing data that are not normally distributed. All four time series have actual number of runs that are less than the expected number of runs, i.e., R m and the Z value of all four time series are negative suggesting positive serial correlation. This means that there is positive dependence of all four times series, thus, violating the RWH. Results of the runs test are reported in Table 4 below. with a step of 100 (i.e.,100 observations). The joint test of the DSE ALSI daily data shows that the p-value is 0.9998 which is greater than 0.05. Therefore, we fail to reject the null hypothesis and, instead, accept the null hypothesis. Results of the variance ratio test, DSE ALSI daily data are reported in Table 5 and Figure 1 below. Source: * Probability approximation using studentized maximum modulus with parameter value 21 and infinite degrees of freedom. Figure 1 below shows a graph of the level of efficiency of the DSE ALSI daily data. It shows the level of efficiency of the DSE ALSI daily data has increased as the test periods increased. However, the level of efficiency has dropped slightly towards the end of the test period. The DSE ALSI weekly data has a test period that has a minimum of 25 and a maximum of 475 with a step of 25. The joint test of the DSE ALSI weekly data shows that the p-value is 0.9488 which is grea-ter than 0.05, we fail to reject the null hypothesis; instead, we accept the null hypothesis. Results of the variance ratio test, DSE ALSI weekly data are reported in Table 6 and Figure 2 below. The DSE share index daily data has a test period that has a minimum of 100 and a maximum of 1 600 with a step of 100 (i.e., 100 observations).
The joint test of the DSE ALSI daily data shows that the p-value is 0.9964 which is greater than 0.05. Therefore, the authors fail to reject the null hypothesis, instead, the author accepts the null hypothesis. Results of the variance ratio test, DSE share index daily are reported in Table 7 and Figure 3 below. The DSE share index weekly data has a test period that has a minimum of 25 and a maximum of 350 with a step of 25. The joint test of the DSE ALSI weekly data shows that the p-value is 0.9401 which is greater than 0.05, we fail to reject the null hypothesis; instead, we accept the null hypothesis. Results of the variance ratio test, DSE share index weekly data are reported in Table 8 and Figure 4 below. Source: *Probability approximation using studentized maximum modulus with parameter value 14 and infinite degrees of freedom. Figure 4 below shows a graph of the level of efficiency of the DSE share index weekly data. It shows the level of efficiency of the DSE share index weekly data has increased as the test periods increased. The conclusion of the variance ratio test is that all four time series fail to reject the null hypothesis. Rather, the null hypothesis will be accepted which is the market under study is weak-form efficient. In addition, the efficiency of the DSE has increased over the years, as illustrated in Figures 1 to 4 above.
Conclusion
The main aim of this study was to determine the level of market efficiency of the DSE using both daily and weekly data of the DSE ALSI index and the DSE share index. Results of the efficiency of the DSE are mixed, because the serial correlation test, unit root tests and the runs test fail to support the EMH. However, these results are disputed by the more robust variance ratio test which supports the EMH. Overall, the results of the market efficiency of the Tanzania stock market are mixed. A key finding of the study is that the market efficiency of the DSE is time varying and has increased over the sample period, thereby confirming that the DSE supports the AMH.
